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= Astrophysics science themes and the Program Offices

= Technology Gap Solicitation, Prioritization, and Reporting
= Strategic Missions and Technology Gaps

= New Joint Process

= SAT Proposal Call

= Takeaways



Astrophysics Science Themes and
wx: ae -
astrorrvsics - Program Offices

The organization of NASA’s Astrophysics Division (APD) includes
thee science themes supported by three Program Offices (POs):
How did we get here?

=» Cosmic Origins Program (COR)
Program Office at GSFC

How does the universe work?

= Physics of the Cosmos (PCOS)
Program Office at GSFC

Are we alone?

= Exoplanet Exploration Program (ExEP)
Program Office at JPL




Program Offices Manage Strategic
wa >aw
ASTROPHYSICS Technology Development

= APD established the Strategic Astrophysics Technology (SAT)
program to support the maturation of key technologies for
potential infusion into space flight missions

= An important role of the POs is to manage technology
developments by SAT and direct-funded projects

= The POs also solicit and prioritize technology gaps to inform
the SAT program’s solicitation and selection, and to accomplish
other Program objectives

— Until 2017, the prioritizations were done annually, and separately
by the three POs

— The PCOS/COR and ExEP POs followed a different process and
timeline, and reported their results in three separate publications



Integrating APD’s Technology Prioritization, ¢#»
asrorivsics: §olicitation, and Reporting Processes

Beginning this year, the POs’ technology gap solicitation,
prioritization, and reporting processes will be integrated to
consolidate and streamline efforts and improve ability to:

— Inform the community of APD technology progress and direction
— Communicate strategic technology priorities across science Programs
— Promote technology innovation and maturation

— Inform technology planning and investment to maximize strategic
impact across Astrophysics

— Foster technology cross-utilization



swovsos Technology Gap Prioritization Objectives @/

Identify technology gaps applicable and relevant to Astrophysics strategic objectives as described in
the Astronomy & Astrophysics Decadal Survey, the Astrophysics Implementation Plan (AIP), and the
Astrophysics Roadmap

e

I New: onrlds s
& eW Horlz Astrophysics Implementation Plan:
; mA-’(mnomynmAn | 2018 Update

................
NASA Hesdrirs

2010 Decadal Survey APD Implementation Plan NASA APD 30 Year Vision

Rank technology gaps to inform APD strategic technology development planning and investments
(SAT and directed funding)

Inform SAT solicitation and other NASA technology development programs (APRA; SBIR; and other
SMD, OCT, and STMD activities) of our technology needs

Results inform technology developers of Program needs to help focus technology development
efforts and leverage existing technologies when possible, and avoid duplicating development efforts

Process improves transparency and relevance of Astrophysics technology investments
Process informs and engages the community to optimize Astrophysics technology development process

Leverage technology investments of other organizations by defining Astrophysics strategic technology
gaps and identifying NASA as a potential customer



smomaes Strategic Missions and Technology Gaps

Strategic astrophysics missions are ones APD is developing, participating in, or
interested in, to respond to high-priority science questions or mandate. These
are missions identified as priorities by the current Decadal Survey; identified
for execution by APD; and/or that inspired broad community interest, e.g. as
captured in the Astrophysics Roadmap. These missions are not competed or
Pl-led, though they may carry competed instruments developed by Pl-led teams.

* Current strategic missions:

Missions in formulation or implementation: JWST, WFIRST, Euclid, XRISM
Decadal survey mission concept studies: HabEx, LUVOIR, Lynx, OST

Missions identified for potential contributions: LISA, Athena

Operating mission with technology needs: SOFIA

CMB Polarization Surveyor per Roadmap and in 2010 DS: Inflation Probe
Visionary missions per Roadmap: Black Hole Mapper, Cosmic Dawn Mapper,
ExoEarth Mapper, and Gravitational Wave Mapper

e Strategic missions relevant for technology gap submission for
prioritization are shown above in blue
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ssrorrvscs Qpportunities of Strategic Technology Gaps

Strategic technology gaps identify where and how our current
state of the art is insufficient to enable future strategic missions

Submitting technology gaps informs APD about our
community’s technology needs, and allows you to help shape
future APD technology investment and flight missions

Technology gap submissions are accepted for 2019 prioritization
from now through June 1, 2019

Large-mission concept studies’ Science and Technology
Definition Teams (STDTs) will be asked to update their gap
inputs for submission at the same time
Gap submission forms are available on our websites:

— https://apd440.gsfc.nasa.gov/technology/

— https://exoplanets.nasa.gov/exep/technology/technology-overview/



https://apd440.gsfc.nasa.gov/technology/
https://exoplanets.nasa.gov/exep/technology/technology-overview/

"\ The New Joint Process

= Joint solicitation of technology gaps from the community:

— The three POs jointly coordinate the next technology gap solicitation,
prioritization, and reporting cycle, and carry them out on the same schedule

— This cycle will now be a biennial process (every other year, starting in 2019)
— POs will collect gaps together and determine which Program carries each gap

= Coordinated prioritization of technology gaps:

— Same prioritization criteria and scoring metrics used by all POs
— Joint listing of all prioritized Astrophysics gaps published every other year

= Joint program technology reporting:

— Joint publication called the “Astrophysics Biennial Technology Report” or
“ABTR” (no more Program Annual Technology Reports, PATRSs)

— The three POs host a common “AstroTech” database of all managed
technology projects



¥, Prioritization and Coordination Among

ASTROPINES Astrophysics Program Offices

= Technology gap prioritization is changing from Program-science-
centric to Astrophysics-wide

= Technologists from PCOS/COR/EXEP work together:

— Determine for each gap which Program science goals would benefit
most from closing it, after which it is prioritized by that Program

— Technologists from the three POs jointly prioritize gaps for each of
the Programs

— After the three POs complete their prioritization, the technologists
merge the three priority lists into a single prioritized Astrophysics
technology gaps list

= Technology gaps are prioritized by the PCOS and COR Technology
Management Boards (TMBs) and by the Exoplanet Technology
Assessment Committee (TAC) according to a uniform set of criteria

10
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ssmorvses UNiform Prioritization Criteria

= Strategic Alignment: How well does the technology align with astrophysics
science and/or programmatic priorities set out in the Astrophysics
Implementation Plan, Decadal Survey, or Astrophysics Roadmap?

= Benefits and Impacts: How much impact does the technology have on
applicable missions? To what degree does it enable and/or enhance
achievable science objectives, reduce cost, and/or reduce mission risks?

= Urgency: Given the anticipated difficulty of maturing from current TRL of
a full solution to TRL 6 assessed against the time available until
anticipated launch and/or other schedule drivers, how urgently does the
gap need to be addressed?

=  Scope of Applicability: How crosscutting is the technology? How many
Astrophysics programs and/or mission concepts (strategic or other)
would benefit by closing the gap?



Uniform Technology Gap Prioritization
ssmorivses 9COriNG Guidelines - Draft

R -----

How well does the technology align with Technology enables science within  Technology enables science within ~ Technology enables science  Technology enables science  Technology does not

Criterion

Max Score
Max Weighted
Score

Astrophysics science and programmatic mission concept receiving highest mission concept receiving medium  within mission concept within mission concept enable science within any
Strategic 10 4 40 priorities of current programmatic guidance  current programmatic consideration  current programmatic consideration  receiving low current mentioned in Decadal Survey  mission concept
Alignment (i.e., AIP, Roadmap, Decadal Survey)? programmatic consideration  but not included in AIP considered by current
Astrophysics
programmatic guidance
How much impact does the technology have Critical and key enabling technology; Highly desirable; not mission-critical to Desirable - not required for Minor science impact or No science impact or
on applicable mission(s)? To what degree  required to meet mission concept mission objectives, but significantly mission success, but offers  implementation improvements; implementation
does the technology enable and/or enhance objectives; without this technology  enhances science capability, reduces  moderate science or if technology is available would improvement; even if
Benefits and ; ; o i : i ; : i - ;
8 4 32 achievable science objectives, reduce cost, mission would not launch or science critical resources needed, and/or implementation benefits; if be considered for available, technology
Impacts and/or reduce mission risks? return would be significantly impaired reduces mission risks; without i, technology is available, would implementation in mission would not be
missions may launch, but science almost certainly be implemented in mission
return would be compromised implemented in mission

Given anticipated complexity and “length” of Estimated schedule margin of 0% or Estimated schedule margin is greater Estimated schedule marginis Estimated schedule marginis  Estimated schedule
gap (informed by relevant ongoing efforts), less (i.e., negative) than 0% and less than or equal to greater than 20% and less greater than 40% and less margin is greater than
assessed against the time available until 20% than or equal to 40% than or equal to 60% 60%

anticipated launch and/or other schedule

drivers, how urgently does the gap need to

be addressed?

Urgency 5 4 2

How cross-cutting is the technology? How  Applies to more than one high-priority  Applies to one high-priority strategic ~ Applies to more than one Applies to just one strategic  Applies to only one
Scope of many Astrophysics programs and/or mission ' strategic Astrophysics mission concepts Astrophysics mission conceptand  strategic Astrophysics mission Astrophysics mission concept  strategic Astrophysics
AU 9 (4 g concepts (including Explorers and Probes) one or more other strategic mission  concept and at least one non-strategic mission, or one or more
could it benefit? concepts Astrophysics mission (e.g., non-strategic missions

Explorers, Probes, etc.)



2™ POs Annual Report Contents Moved into
a aw

astrorrvsics ABTR and Websites

Was three reports annually Will be: Websites & Database
(with websites in support role) playing major role

PCOS/COR
technology

naka

Program Annual

A\ %) Technology Report One report
N - biennially
Tchnaom Repo starting 2019

(cover mockup shown)

apd440.gsfc.nasa.gov/technology

AstroTech
searchable
database
for PCOS,
COR, and
ExEP

Astrophysics

Biennial
TechnologyReport

XOPLANET EXPLORATION PROGRAM
echnology Plan Appendix
2018

ExEP
technology

exoplanets.nasa.gov/exep/technology
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https://exoplanets.nasa.gov/exep/technology/technology-overview/
https://apd440.gsfc.nasa.gov/technology
http://www.astrostrategictech.us/

Astrophysics Strategic Technology
== == Development Database

AstropﬁVsics Technology Development

Tech Gap Priorities

Welcome to the Astrophysics technology development portfolio

This database is updated annually and indexes technology development projects managed by the Physics of the Cosmos (PCOS), Cosmic Origins
(COR), and Exoplanet Exploration (ExEP) Program Offices. The portfolio includes information mostly about our Strategic Astrophysics Technology
(SAT) and direct-funded projects and some other Astrophysics funded projects managed by one of the Program Offices.

Astrophysics is the science that studies the universe. NASA's Astrophysics Division funds and manages missions and studies that seek to broaden
our understanding of our place in the universe. This work addresses three big questions: How does the universe work? How did we get here? Are we
alone? These three themes are managed by the PCOS, the COR, and the ExEP Programs, respectively. The breadth and scope of astrophysics can be
summed up by simply saying that if it is located outside our Solar System, we are interested in studying it. This portfolio includes technology
development projects within the purview of the three Program Offices.

Scope of Search
Science Program 74 COor "2 EXEP
Funding Program 4 SAT 72 Directed
Project Status 74 Active 74 Completed

=3 &

Search by Keyword(s), Technology Category, and/or Organization

Keyword(s) sc- t s + Help / Advanced Search

Technology Type Organization Type
Technology Area Signal Type Science Topic
Cooling System FariR Dark Energy and Large Scale Structure
Coronagraph Gamma Ray Dark Matter and Particle Astrophysics 008 Federal Lab
Detector Grav. Wave Black Holes and their Evolution =
Electronics Near IR The Big Bang and Cosmological Parameters Mg Industry

P
Academia
nya]

Laser Particle Physics Galaxies and Galaxy Evolution
@/ NASA Center
Metrology/Structure RF/Microwave Star Formation and Stellar Evolution

Micropropulsion Sub-mm Interstellar and Circumgalactic Medium

Optical Coating uv Exoplanets and Planetary System Formation

Optics UVOIR
Starshade Visible
Telescope X Ray
Other Other

Access to project description, abstract, reports, etc. of past and current strategic
technology development investments across PCOS, COR, and ExEP through
searchable database (http://www.AstroStrategicTech.us/)



http://www.astrostrategictech.us/

smormses SChedule for New Joint Process

Today!

Presenting New
Process and Kicking

POs Communicated Presented New

New Integrated Process at APAC

Gap Solicitati t
Process to PAG ECs Meeting Off Gap Solicitation a

AAS Joint Session

Aug - Sep 2018 Oct 2018 Jan 2019

Collect and Divide Community-Submitted POs with TMB/TAC
Community/STDTs Gaps Among Three Gaps Reviewed by Independently
Submit Gap Inputs Poapfs Pri St. i Respective PAGs/Peer Prioritize Their
s for Prioritization Review Panel Respective Gaps

Jan — May 2019 Jun 2019 Jun —Jul 2019 Jul — Aug 2019

Include Integrated APD
Gap Prioritization List Publishes/Releases
in ABTR ABTR

POs Combine Three
Prioritized Gap Lists

Aug 2019 Sep 2019 Oct 2019
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SAT Proposal Call Continues Annually
wremses and Is also Integrated

= Strategic Astrophysics Technology (SAT, element D8 of Research
Opportunity in Earth and Space Sciences, ROSES) will continue its
annual solicitation cycle

= The SAT solicitation is no longer divided into three science
elements; Technology development for PCOS (TPCOS), Technology
Development for COR (TCOR) and Technology Development for
Exoplanet Missions (TDEM)

= The single SAT solicitation addresses a range of scientific interest
across Astrophysics
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ASTROPHYSICS Ta ke a Ways

= APD has integrated and streamlined its strategic technology gap
solicitation, prioritization, and reporting to better serve the
astrophysics community

= Asingle, high-level, Astrophysics Biennial Technology Report
(ABTR) will be published every other year starting in 2019

= Full details of the three Programs’ technology maturation progress
is now available, via a searchable database on the POs’ websites

= Make your voice heard by submitting strategic technology gaps
now through June 1, 2019 for prioritization this year

= Enable the future of astrophysics by submitting SAT proposals:
mandatory NOIs due 2/27/2019, proposals due 3/29/2019
(these are the new dates adjusted as a result of the partial
government shutdown)

17



emormoes Points of Contact

= APD Lead Technologist Nasser Barghouty
nasser.barghouty@nasa.gov
202 358-1211

= PCOS/COR Technologist Thai Pham
thai.pham@nasa.gov
301 286-4809

= EXEP Technologist Brendan Crill
brendan.p.crill@jpl.nasa.gov
818 354-5416



. NASA Invests in Technology. to Enahle Breakthrough Observations in the Coming Decades
The COSmlo 0r|g1ns (COR) Physncs of theiCosmos (F’COS) and Exoplanet Exploration (EXE) Programs mature critical technologies for mlssmns seeking to answer these questions:
N/ e . How Did We Get Here? How Does the Universe Work? . Are We Alone?

. The Strategic’ Astrophysms Technology. (SAT) Program supporis technology development for strategic missions that observe throughout the entire electromagnetic spectrum as well as gravitational waves

Paster Authors and nglam Technolnglsls : i Y/ 5 ) SAT Points or Contact: . 0

& g g g o . 3 Th_e e o * APD Technolagy Lead: Nasser Barghouly, rasser.barghouly@nasa gov
- x next Astronomy -~ COR: Mario Perez, mario.perez@nasa.gov v }
. ¢ and Astrophysics - \.\s hid -
. : Decadal Survey may- PCOS: Rita Sambruna, rita.m sambruna@nasa oo =
3 / Al recommend the agsmﬂ EXEP: Doug Hudgins, dougia®mhudgi sagov _ s ¢
g 3 “'mission to follgy WFIRST. . | = . X P}
Strategic Mission Studies o\ MASAR alrea evl"ﬂﬂ'ﬂﬂ Strategic Astrophysics Technology Investments

ehablin ieqh/w pgies for
Such a/mission.” .~

iSion (ARD), work with feur Science and Technology Definition Teams (STDTs). &
thg fiext Astronomy ano As(ronhysn:s Decadal Survey .

large-mission concepts:'Ldrge UV/OpticalIR Sufveyor (LUVDIR) Origins Space Telescope (OST), Habitable EXoplanet Observatory (HabEx),
> and Lynx. APD also investsdn technology ptojects for the Laser Interferometer Space Antenna (LISA) a European Space Agenty (ESA)
gravitational-wave mission; Athenaj an ESA X-Ray mission; Inflation Probe; the Stratospheric Observatory for Infrared Astronomy (SOFIA); :mﬂ .
starshades and coronagraphs for exoﬁlane( missions..

APD lunds’&ozens of p?{c(s maturing techuulugles for strategic missions (sample hardware photos below), including the four

.in 2019, This year we will incorporate technology gdps that wijll be idefitified in the:final reports of the four STDTS. The gaps andfide
Technology Manaqemem Boards (TMBs) and Exoplane(s Technulonv Assessment Commlllee (EquAC) will be publlshed i e .
. APDis alsolundlng two Phase | |nduslry projects studying architectures for large segmented-mirror space tel escopes from a system perspective, in
, Support of potential |mp|emen|atmns of LUVOIR, OST, and/or HabEx. These one: '/eav projects wiill be Iol!o wed by larger slmﬂes IhroughPhases 1,

and possmry Moo .

i 6 PIprogress reports and quad charts of our té
ilable via a §earchable database. Prograi
om 2011 ugn 2017 can be found on’
Imo\ogy Plan Appendiceg

investments annually on our web Sf
Annual Technolody Repo: :

¢ the PCOSICOR, Technl

can be fourd'onthe Ex eohn

Large uwomﬁ;él/,m .
(LUVOIR) Surveyor -

LUVOIR is,jntended to follow in th footeteps of the Hubble
Space Te\e:,cupe as a large space observatory Covering »
wavelengths fromi the far ultraviolet {far-UV) to the near
infrared (near-IR). This mission would enable great
. leaps forward in a broad range of science, from
*. the epoch of reionization, through galaxy formation and evolution, star and ’
- plgnet formation, to solar system remote sensing. LUVOIR alsp ha$w
ajor goal of characterizing a wide range of afpplanéls, including
those that might be habitable, or efen inhabited. Achieving the
lattér goal requires a large telescope with extreme stability and
@ 2 means teoccult the Jight from the bright slararoum}
- Vehich a faint exo-Earth orbits, ¥

.’Habitabie ‘Exoplanet Obs€rvatory

*  HabEx is a space observatory enabling study of a broad range of breakthrough
\ . astrophysics ttireugh observations in the UV through the near Infrared
The primary science goal is to seek out nearby worlds ant explore
their habitability through direct imaging of Earth-like planets
. around Sun-like stars. Starshadg and coronagraph technology
afteady under deyglopment through NASA APD investment;
will gnable this goal. In addition, Habex will map out ngarby
planetary systems and e¥plore the diversity of Worlds that
lhey contain, and enable new explorations of astropliysical
“systems from our solar system to galaxiesgnd the universe
by extending our reach in the UV mmug ar-1R.
’e

e

.

drigins Space
- Telescope (0ST)

Se?kmg 10 trace the history of our origins from the time
dust and hévy glements permanéntly altered the cosmic
landscape topresent day life, 5T will study light from
distant galxies, protoplanetary disks, and exoplanets at mid-
and far-1R wavelengths. OST will improve on the Hggschel
Space Observatory with at least 1000x higher sengiivity,
improved angular resolution, and new spectroscopic capability.

Lynx is‘setting its sights on black holes. It is
designed t@observe the birth of the first
Seed black holes in the fasthest reaches of
the dniverse; carry out a black hole census,
throughout the universe; and measure their
impact on their interstellar, circumgalactic, ..
intracluster, and intergalactic neighborhoods.
«  Lynx will deploy a grazing-incidence telescope
and X-ray detectors of unprecedented size and *
.. precision; allowing it to-map hot gas around
galaxies-and in the Cosmic Web, to trace stellar
activity including itseffects on planet habitability, g
and to transform our knowledge of the efdpoints ol
stellar evolution. .

Thank you for your attention

Drop by our poster session on Wed
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Strategic Technology Development
ﬂ
astrorHvsics Process

Process is responsive to community
input and informs strategic
technology investments for the

Program and beyond

Inputs to

Decadal Survey 10-year SAT Annual Call

S i j SAT 2018 proposals
i due 3/21/2019
ey o - Strategic Guidance
- Science Community/ . (8., AIP) S e
- PAGs/STDTs/L3ST
- Vi ‘ g 1- -year
3 3 Technology Gap Identification cycle Peer Review l
o 3 Selection and
b ,. Funding
’ % 2-year Technolo ~ A N V
gy Development - Ko b / A
cycle Technology G :l “ /Pchnl Isrt‘ﬂt
echnology Gap oogyne ion mto .
Technol : :
Prioritization Adfl‘;n'::zl;glt ‘ d Mlsswns ‘and Studles ‘ L
Program Offloe/TMBs Q‘i‘ {7 \ LN/
Pl Progress Reports and ; =
Technology Milestones
Websites & ﬂ ABTR:
Database: ROt ICars APD, SMD, OCT, STMD
- Tech dev process - Technology Priorities | E————)
- Technology Gaps ; - New Award Informs NASA
Feedback to - Technology Priorities pl Announcements
Community - Past and current - Current Investment
investments Highlights
- Success stories
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Astrophysics Funds All Levels of

vz

ASTROPHYSICS Tech nology DEVEIOpment

NASA’s Astrophysics Division funds the development of
technology at all levels of maturity

Astrophysics Research and Analysis (APRA) program solicits basic
research proposals relevant to NASA’s astronomy and astrophysics
programs, from basic principles through flight missions (Technology
Readiness Level, TRL, 1 through 3 up to 9). Suborbital investigations
(balloons, sounding rockets) are encouraged

Strategic Astrophysics Technology (SAT) program matures key
technologies that address the needs of a specific future mission,
taking them from proof of concept through component/breadboard
validation in relevant environment (TRL 3 through 5)

Flight projects address final maturation stages (TRL 6 to 9) proving
the technology’s flight-worthiness for a mission-specific application

22



=momse: Technology Gap Input Form

Gap input form can be
downloaded from
https://apd440.gsfc.nasa.gov/
technology/gap form.docx

Astrophysics Technology Capability Gap Input Form

Technology Capability Gap Name: | Date Submitted:
Submitter Name: Organization:
Telephone: Email Address:

Prioritization Information (see accompanying instructions)

Identify Strategic Missions Enhanced or Enabled by Closing this Technology Gap:
OHabEx OLUVOIR OLynx C0OST [ISOFIA [OIP [COBH Mapper [ICosmic Dawn Mapper
O Exo-Earth Mapper [CIGW Mapper [ Other:

Brief Description of the Technology Capability Needed (100 — 150 words):

Assessment of the current State-of-the-Art (SOTA) and references Current TRL of SOTA:
justifying TRLs quoted at right (100 — 150 words):

Current TRL of Full Solution:

Technical Goals and Objectives to Fill the Capability Gap:

Scientific, Engineeringand/or Programmatic Benefits (100 - 150 words):

Applications and Potential Relevant Missions for Astrophysics Division:

Urgency (time to estimated launch or other schedule driver vs. estimated complexity —i.e. time and costto close the gap):

23


https://apd440.gsfc.nasa.gov/technology/gap_form.docx

D ¥

wa >aw

2017 PCOS Prioritization Criteria

ASTROPHYSICS
2|3
ElS|Ee
o . w| 2|5 2 General
#| Criterion g 2 % § Description/Question & 3 2 1 0
S| &
=
How well does the Technology enables Technology enables Technology enables Technology enables Technology does not
technology align with PCOS-relevant science  |PCOS-relevant science  [PCOS-relevant science  |PCOS-relevant science  |enable PCOS-relevant
PCOS science and within mission concept |within mission concept |within mission concept |within mission concept |[science within any
1 Strategic 10l 24 | a0 programmatic receiving highest current |receiving mid to high receiving low current not considered in AIP or |mission concept
Alignment priorities of current programmatic current programmatic programmatic Roadmap, but positively |considered by current
programmatic consideration consideration in AIP or |consideration in AIP or |addressed in NWNH programmatic guidance
guidance (i.e., AIP, Roadmap Roadmap
Roadmap, NWNH)?
How much impact Critical and key enabling [Highly desirable; Desirable - not required |Minor PCOS-relevant No PCOS-relevant science
does the technology have [technology; required to |not mission-critical to for PCOS-relevant science impact or impact or
on PCOS-relevant science [meet PCOS-science- PCOS-science-relevant  |mission success, but implementation implementation
in applicable mission(s)? ([relevant mission concept |objectives, but offers moderate PCOS- (improvements; if improvement; even if
To what degree does the |objectives; without this [significantly enhances relevant science or technology is available |available, technology
) Benefits and glal 3 technology enable and/or [technology mission PCOS science capability, [implementation benefits;/would be considered for |would not be
Impacts enhance achievable would not launch or reduces critical resources if technology is available, implementation in implemented in missions
science objectives, reduce [PCOS science return needed, and/or reduces |would almost certainly |missions for PCOS for PCOS purposes
cost, and/or reduce would be significantly mission risks; without it, be implemented in purposes
mission risks? impaired missions may launch, but [missions for PCOS
PCOS science return purposes
would be compromised
How cross-cutting is the  |Applies widely to PCOS |Applies widely to PCOS |Applies widely to PCOS |Applies to a single PCOS [No known applicable
technology? How many mission concepts and mission concepts and mission concepts mission concept PCOS mission concept
Scope of Astrophysics programs both COR and ExoPlanet |either COR or ExoPlanet
3 Applicability 3(4]12 and/or mission concepts |mission concepts mission concepts
(including Explorers and
Probes) could it benefit?
When are launches Launch anticipated in Launch anticipated Launch anticipated Launch anticipated Launch anticipated in 24
and/or other schedule next 4-8 years (2021- in next 9-13 years in next 14-18 years in next 19-23 years or more years
4| Urgency alal 16 drivers of missions 2025) or other schedule |((2026-2030) or other (2031-2035) (2036-2040) (2041 or later)
enhanced or enabled by [driver requires progress |[schedule driver requires
this technology in 2-3 years (2019-2020) |progress in 4-8 years
anticipated? (2021-2025)




4 *’.

remorvoes 2017 COR Prioritization Criteria
ASTROPHYSICS
o8
£ 9|&
Criterion |3 § 'én g . G-eneral . 4 3 2 1 0
2524 Description/Question
S| &
=
How well does the Technology enables COR- [Technology enables COR- [Technology enables COR- [Technology enables COR- [Technology does not
technology align with COR [relevant science within [relevant science within [relevant science within |relevant science within |enable COR-relevant
science and programmatic |mission concept receivinglmission concept mission concept receiving|mission concept not science within any
Strategic 10l 2| a0 priorities of current highest current receiving mid to high low current considered in AIP or mission concept
Alignment programmatic programmatic current programmatic programmatic Roadmap, but positively |considered by current
guidance (i.e., AIP, consideration consideration in AIP or  |consideration in AIP or |addressed in NWNH programmatic guidance
Roadmap, NWNH)? Roadmap Roadmap
How much impact Critical and key enabling |Highly desirable; Desirable - not required |Minor COR-relevant No COR-relevant science
does the technology have [technology; required to |not mission-critical to for COR-relevant mission [science impact or impact or
on COR-relevant science in |meet COR-science- COR-science-relevant success, but offers implementation implementation
applicable mission(s)? To |relevant mission concept |objectives, but moderate COR-relevant |improvements; if improvement; even if
what degree does the objectives; without this |[significantly enhances science or technology is available [available, technology
Benefits and technology enable and/or [technology mission COR science capability, |implementation benefits; \would be considered for [would not be
Impacts 81432 enhance achievable sciencelwould not launch or COR |reduces critical resources [if technology is available, implementation in implemented in missions
objectives, reduce science return would be |needed, and/or reduces |would almost certainly |missions for COR for COR purposes
cost, and/or reduce significantly impaired mission risks; without it, |be implemented in purposes
mission risks? missions may launch, but |missions for COR
COR science return would|purposes
be compromised
How cross-cutting is the  |Applies widely to COR Applies widely to COR  [Applies widely to COR  |Applies to a single COR  [No known applicable
technology? How many mission concepts and mission concepts and mission concepts mission concept COR mission concept
Scope of Astrophysics programs both PCOS and ExoPlanet |either PCOS or ExoPlanet
Applicability 31412 and/or mission concepts |mission concepts mission concepts
(including Explorers and
Probes) could it benefit?
When are launches Launch anticipated in Launch anticipated Launch anticipated Launch anticipated Launch anticipated in 24
and/or other schedule next 4-8 years (2021- in next 9-13 years in next 14-18 years (2031-|in next 19-23 years (2036-|or more years (2041 or
Urgency alal 16 drivers of missions 20.25) or oti.ler schedule (2026-2030).or other. 2035) 2040) later)
enhanced or enabled by |driver requires progress [schedule driver requires
this technology in 2-3 years (2019-2020) |progress in 4-8 years
anticipated? (2021-2025)




sstrorivsics EXEP Prioritization Criteria from 2017

Impact: 4: Critical strategic technology for the New Worlds Technology Development Program envisioned in New Words, New Horizons (2010

(weight: 10) |Decadal Survey) and in the NASA Astrophysics Implementation Plan; without this technology, the mission would not launch
3: Highly desirable - not mission-critical, but provides major benefits in enhanced science capability, reduced critical resources need,
and/or reduced mission risks; without it, missions may launch, but science or implementation would be compromised
2: Desirable - not required for mission success, but offers significant science or implementation benefits; if technology is available,
would almost certainly be implemented in missions
1: Minor science impact or implementation improvements; if technology is available would be considered for implementation in
missions

Urgency 4: Advances technology or reduces risk needed for missions currently in Pre-Formulation or formulation.

(weight: 10)
3: In time to inform the 2020 Decadal Survey; not necessarily at some TRL but reduced risk.
2: Earliest projected launch date < 15 yr (< 2033)
1: Earliest projected launch date > 15 yr (> 2033)

Trend 4: (a) no ongoing current efforts, or (b) little or no funding allocated

(weight: 5)
3: (a) others are working towards it but little results or their performance goals are very far from the need, (b) funding unclear, or (c)
time frame not clear
2: (a) others are working towards it with encouraging results or their performance goals will fall short from the need, (b) funding may
be unclear, or (c) time frame not clear
1: (a) others are actively working towards it with encouraging results or their performance goals are close to need, (b) it's sufficiently
funded, and (c) time frame clear and on time
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ASTROPHYSICS

2017 PCOS Tech Gap Prioritization

PCOS Technology Capability Gaps Science Tech Funded
Highly stable low-stray-light telescope GW Telescope v
Low-mass, long-term-stability optical bench GW Optical Bench
Precision Microthrusters GW Propulsion v
High-power, narrow-line-width laser sources GW Laser v
Phase measurement subsystem (PMS) GW Electronics v
Large-format, high-spectral-resolution, small-pixel X-ray focal plane arrays X ray Detector v
Fast, low-noise, megapixel X-ray imaging arrays with moderate spectral resolution X ray Detector v
High-efficiency X-ray grating arrays for high-resolution spectroscopy X ray Optics v
High-resolution, large-area, lightweight X-ray optics X ray Optics v
Non-deforming X-ray reflective coatings X ray Coating v
Long-wavelength-blocking filters (free standing) for X-ray micro-calorimeters X ray Optics
Non-contact charge control for Gravitational Reference Sensors (GRS) GW Electronics v
Advanced millimeter-wave focal plane arrays for CMB polarimetry IP Detector v
Polarization-preserving millimeter-wave optical elements IP Optics
High-efficiency, low cost cooling systems for temperatures near 100 mK IP, X ray Cooler
Rapid readout electronics for X-ray detectors X ray Electronics v
Optical-blocking filters (OBF) X ray Optics v
Gravitational reference sensor (GRS) GW Detector
Very-wide-field focusing instrument for time-domain X-ray astronomy X ray Optics
Ultra-high-resolution focusing X-ray observatory telescope X ray Telescope
Advancement of X-ray polarimeter sensitivity using negative ion gas X ray Detector
Low-power, low-resolution continuous GSa/s direct RF digitizer CR Detector
Tileable, 2-D Proportional Counter Arrays Gamma ray Detector

High-performance gamma-ray telescope

Gamma ray

Telescope

Lattice optical clock for Solar Time Delay mission and other applications STD Electronics
Fast, few-photon UV detectors UHECR Detector
Lightweight, large-area reflective optics UHECR Optics
Low-power time-sampling readout UHECR Electronics
Low-power comparators and logic arrays UHECR Detector

Gaps within a specific tier have equal priority. v is PCOS funding.

is COR funding.
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ASTROPHYSICS

2017 COR Tech Gap Prioritization

COR Technology Capability Gaps Science Tech Funded
Heterodyne FIR detector arrays and related technologies Far IR Detector v
Cryogenic readouts for large-format Far-IR detectors Far IR Electronics
Warm readout electronics for large-format Far-IR detectors Far IR Electronics
Large Cryogenic Optics for the Far IR Far IR Optics v
Large-format, low-noise and ultralow noise far-infrared (FIR) direct detectors Far IR Detector v
High-performance, sub-Kelvin coolers Far IR, X-ray Cooler v
Large-format, High-Dynamic-Range UV Detectors UV, FUV Detector v
High Reflectivity Broadband FUV-to-NIR Mirror Coatings UVOIR Coating v
Lightweight, large-aperture, high-performance telescope mirror systems for Far-IR Far IR Optics v
Compact, Integrated Spectrometers for 100 to 1000 um Far IR Detector
Advanced Cryocoolers Far IR, X-ray Cooler
Mid-IR detectors Mid IR Detector
Cryogenic deformable mirror Mid IR Optics
High-efficiency UV multi-object spectrometers uv Detector v
Lightweight, large-aperture, high-performance telescope mirror systems for UVOIR UVOIR Optics v
High-performance spectral dispersion component/device UVOIR, Far IR Optics
Advanced Adaptive Optics UVOIR, HabEx Optics
Band-shaping and dichroic filters for the UV/Vis UV, VIS Optics
Wide-bandwidth, high-spectral-dynamic-range receiving system Cosmic Dawn Detector
High-precision low-frequency radio spectrometers and interferometers Cosmic Dawn Detector
FIR interferometry Far IR Detector
Mid-IR coronagraph optics and architecture Mid IR Optics
UV/Opt/NIR Tunable Narrow-Band Filters UVOIR Optics
Ultra-Stable Opto-Mechanical Systems Architecture UVOIR, HabEx| Telescope v

Segment Phasing and Control

UVOIR, HabEx

Telescope

Dynamic Isolation Systems

UVOIR, HabEx

Telescope

Segmented-Aperture Coronagraph Architecture UVOIR, HabEx Optics
High-contrast Imaging Post-Processing UVOIR, HabEx| Electronics
Mirror Segments Systems UVOIR, HabEx Optics

Gaps within a specific tier have equal priority. v is COR funding.

is Exoplanet funding.
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wmornses 2017 EXEP Technology Prioritization

CG-2 | Coronagraph Architecture 4 4 2 90
S-2 Starlight Suppression and Model Validation 4 4 2 90
S-1 Controlling Scattered Sunlight 4 4 2 90
S-3 Lateral Formation Sensing 4 4 2 90
S-5 Petal Positioning Accuracy and Opaque Structure 4 4 2 90
S-4 Petal Shape and Stability 4 4 2 90
CG-3 | Deformable Mirrors 4 4 2 90
CG-1 |Large Aperture Primary Mirrors 4 3 3 85
CG-6 | Mirror Segment Phasing 4 3 3 85
CG-7 | Telescope Vibration Sense/Control or Reduction 4 3 3 85
CG-9 | Ultra-Low Noise Near-Infrared Detectors 4 3 3 85
CG-5 | Wavefront Sensing and Control 4 3 2 80
CG-8 | Ultra-Low Noise Visible Detectors 4 3 2 80
M-4 | Ultra-Stable Mid-IR detector 3 3 4 80
M-3 Astrometry 3 3 3 75
CG-4 | Data Post-Processing Algorithms and Techniques 4 2 2 70
CG-10 | Mirror Coatings for UV/NIR/Vis 3 3 2 70
M-2 Space-based Laser Frequency Combs 3 3 2 70
CG-13 | Ultra Low-noise Mid-IR detectors 2 3 4 70
M-1 | Extreme Precision Ground-based Radial Velocity 2 3 3 65
CG-14 | Mid-IR Large Aperture Telescopes 2 3 3 65
CG-15 | Mid-IR Coronagraph Optics and Architecture 2 3 3 65
CG-16 | Cryogenic Deformable mirror 2 3 3 65
CG-12 | Ultra-Low Noise UV Detectors 2 3 2 60




smorvses Urgency Criterion - Draft

= Urgency: Given the anticipated difficulty of maturing from current TRL of a full solution to
TRL 6 (informed by all relevant ongoing efforts that are known), assessed against the time
available until anticipated launch and/or other schedule drivers, how urgently does the gap

need to be addressed?
=  Proposed process:

— Thinking of technology development as a bridge to get us from where we are (state of the art) to where we need to go
(required performance), get input from PAGs (with TMB review) on gap complexity or “breadth” and on gap “length”

— Based on complexity and length scores, and current full-solution TRL, estimate likely duration needed to get to TRL 6,

thinking of this as the “bridge area” needed to close the gap

— Calculate margin between likely development duration and available time and compare to criterion values

=  Complexity or “breadth” of gap:
1.  Single technology (e.g., EUV-reflective coating)
2. System of technologies (e.g., cryogenic detector and front-end electronics)
3. System of technology systems (e.g., ultra-stable structure for large space telescope)
= ‘“Length” to bridge gap between state-of-the-art and desired TRL:
1.  Straightforward (e.g., port existing X-ray event ID algorithm to FPGA implementation)
2.  Stretch (e.g., broadband far-IR heterodyne detectors)
3.  Extreme stretch (e.g., ultra-stable structure for large space telescope)

= Estimated duration (proposed formula):

— Duration = Length x Complexity x 1.5 years
— Note that the formula doesn’t have to be exactly right, just plausible and applied uniformly

=  Margin:

— Divide available time by estimated duration and subtract 1 to obtain percent schedule margin

Difficulty Matrix

£33 -
22
O
— 1
1 2 3
Complexity

— To obtain Urgency score, compare the margin to the criterion values in the matrix on a previous slide

30



ssorrvses Available Times for Tech Dev

 Assumed available times for technology development for current
strategic missions is up to 10 years before launch to represent
approximate time to Preliminary Design Review (PDR) when new
technologies need to be at TRL 6:

— HabEx, OST, LUVOIR, and Lynx (2035 launch, 2025 end of tech dev)
— SOFIA (score of 2)
— Inflation Probe (2030 launch, 2020 end of tech dev)

— Gravitational Wave Mapper, Cosmic Dawn Mapper, ExoEarth Mapper,
Black Hole Mapper (2085 launch, 2075 end of tech dev)
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ASTROPHYSICS SAT Stats

. SAT Proposals . .- TDEM SAT Proposals .
Solicitation Year Submitted| Awarded Selection Rate Solicitation Year Submitted| Awarded Selection Rate
2009 34 7 21% 2009 34 7 21%
2010 57 17 30% 2010 22 9 41%
2011 50 10 20% 2011 Not solicited NA NA
2012 40 9 23% 2012 17 3 18%
2013 18 10 56% 2013 10 4 40%
2014 28 11 39% 2014 3 38%
2015 29 7 24% 2015 7 1 14%
2016 30 9 30% 2016 6 3 50%
2017 25 11 44% 2017 10 3 30%
Total to Date 311 91 29% Total to Date 114 33 29%
. PCOS SAT Proposals . .. COR SAT Proposals .
Solicitation Year Submitted| Awarded Selection Rate Solicitation Year Submitted| Awarded Selection Rate
2010 21 5 24% 2010 14 3 21%
2011 26 5 19% 2011 24 5 21%
2012 10 3 30% 2012 13 3 23%
2013 8 6 75% 2013 Not Solicited NA NA
2014 6 3 50% 2014 14 5 36%
2015 10 4 40% 2015 12 2 17%
2016 5 2 40% 2016 19 4 21%
2017 4 3 75% 2017 11 5 45%
Total to Date 20 31 34% Total to Date 107 27 25%




